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Abstract. Authenticity testing of animal species present in food has become a very important issue 
regarding the economical, safety, religious and health aspects. The food labeling regulations state that 
every meat species that was added in the product must be accurately declared to the consumer. Given the 
latest incidences, most of the population has lost confidence in the authenticity and quality of products 
found on the market. The aim of this study was to assess the authenticity of various beef products found 
on a regional market based on DNA confirmation method. The material used was represented by 87 beef 
products analyzed and tested in the Food Safety laboratory from the Faculty of Veterinary Medicine 
Cluj. All of the samples collected were purchased from a regional market having also a visible label. For 
the DNA extraction we used a DNA extraction kit (Isolate II, Bioline), the quantities and purities being 
read at the spectrophotometer (Nanodrop ND1000). The method used was PCR-multiplex, in which we 
used two sets of specific primers: one that amplify cattle mitochondrial DNA sequences and one for pork 
mitochondrial DNA sequences. The study revealed that 15% of the samples analyzed did not have the 
label in accordance with the content of the products. 5 of the products tested were negative at the 
amplification with bovine specific primers but positive for the pork DNA. 10 samples tested were 
positive both for bovine DNA as well as for pork DNA although on the label the pork meat adding was 
not mentioned. In the regional market studied there are deficiencies in labelling some of the beef 
products resulting in fraudulent marketing of pork meat mixture. We highly recommend a more severe 
surveillance and the DNA testing in the sanitary veterinary control units in order to identify the possible 
frauds and the retraction of the non-corresponding labelled products.    
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INTRODUCTION  
 
 Meat is an important source of proteins and essential amino acids, which can 
contribute to the health status of many consumers. However, there are some negative aspects 
regarding the unsafe consumption of meat, like the spread of unwanted diseases such as 
bovine spongiform encephalopathy (BSE) (Wells et al., 1987) and foot and mouth disease 
(FMD) (Dunn and Donaldson, 1997; Sellers and Gloster, 2007; Swayne and Beck, 2005) in 
chicken, cattle, pig, respectively. Unfortunetly this is not the only problem that can appear 
when discussing about meat quality. One of the major impacts, mediatized recently in all 
Europe, is the species adulteration which poses a severe question with impact on restaurants 
and markets where the substitution is easily concealed. The adulteration of meat products 
constitutes not only an economic fraud but also relates to those with religious taboos, oral 
aversions, or allergies to particular meat species (Kesmen et al. 2007). 
 Some of the problems underlined in many researches is the wrong labeling of products 
sold for consumers which do not state the amount of meat that was added in a mixture. The 
identification of the mixt products has become a very considerable challenge for meat 
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inspectors, analysts, food authorities and individuals seeking to comply with certain regulations. 
The demands of the consumers are now more and more severe, seeking high quality products 
that are honestly labeled. Therefore, the need of high standards and accurate methods for 
detecting possible frauds has become stringent. Numerous analytical methods have been 
performed based on protein and DNA analysis. The ones that are based on protein fractions’ 
analysis such as electrophoretic (Yman and Sandberg, 1987), chromatographic (Amstrong and 
Leach, 1992) and immunological techniques (Chi-Chung et al., 2006; Hsieh, et al. 1998; 
Kang’ethe et al. 1986) are not sensitive in processed materials and they do not differentiate 
closely related species. The PCR (polymerase chain reaction) in food analysis has been 
extensively tested and it has been used with success and implemented in a large number of food 
control laboratory units due to the fact that it is simple, fast and specific (Chikuni et al. 1994; 
Kesmen, 2005; Lahiff et al., 2001; Matsunaga et al., 1999; Saiki et al., 1985).  
The aim of this study was to analyze a set of beef products found on the regional 
market to see if they were forged with pork meat. This is a very important subject due to the 
fact that some consumers given their religious beliefs do not eat pork meat and on the label of 
these products the pork adding is not mentioned.  
 
MATERIALS AND METHODS 
 
The research was carried out on a number of 86 beef products obtained from 
commercial sources. From the total amount of samples investigated 44 were baloney products 
labelled as being only made with beef and chicken meat, 13 were ham products labelled as 
only made from beef and 29 were sausages described as being made from beef and chicken.  
All the samples were kept in their original packs and stored at refrigeration temperature 
(0.4°C) until their further analysis.  
The DNA extraction. The DNA was extracted with the help of a specialized Kit (Isolate 
II, Bioline England). All the steps were followed accordingly with the protocol described in the 
DNA extraction kit. The DNA quantities and purities were assessed on a Nanodrop ND-1000 
spectrophotometer analyzer (NanoDrop Technologies, Inc., Wilmington, DE, USA). 
 The PCR method for pork DNA identification. The primers used in the identification 
of pork specie targeted the mithocondrial cytochrome-b-gene and were previously reported 
by Matsunaga et al., 1999. The sequences of the primers are: F: 5’-
gacctcccagctccatcaaacatctcatcttgatgaaa-3’ and R:5’-tgatagtagatttgtgatgaccg-3’. The size of 
the fragment amplified is of 394 bp. The PCR amplification followed the protocol 
previously described by Matsunaga et al., 1999. Following the amplification 10 µl of the 
PCR solution was electrophoresed on a 1.7% agarose gel (Lonza, Germany) for 45 min at 
100 V in TBE buffer. The gel was then analyzed with a Molecular Imager Gel Doc XR 
System (BioRad Laboratories, Hercules, CA, USA). 
 
RESULTS AND DISCUSSIONS 
 
The DNA quantities and purities obtained following the testing of the DNA extraction 
kit were in accordance with the qualities needed for a good PCR amplification. Therefore in all 
the samples analyzed the quantities read at the spectrophotometer were over 50 ng/µl and the 
purities in between 1,8-2 wavelength 260/280.  The PCR protocol needed an optimization in 
order to obtain accurate images, giving the fact that the primer sequences were noticed to have 
also some unspecific affinity that amplified other DNA positions. Even though the specificity 
was not so high the interpretation of the results was possible and after the optimization of the 
protocol tested all the images showed a clear view of the fragments (Fig. 1 and 2).  
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Fig. 1 The electrophoresis image of the 394 bp fragment corresponding to pork DNA  
before the optimization of the PCR protocol. M – marker 100 lines; L1 – L3 positive samples; 
L 4 – positive control; L5 – blank sample. Red arrow showing the non-specific fragments that 
were amplified when using the set of primers described. 
 
 
 
 
Fig. 2: The electrophoresis image of the 394 bp fragment corresponding to pork specie after 
the optimization of the PCR protocol. L1-L7: The baloney and sausages samples found 
positive for pork DNA. The non-specific fragments were not visibly detected. L8 – positive 
control; L9 – negative control. 
 
From the total amount of samples investigated (n=86), 23 samples (26.7%) were found 
to be adulterated and the label not in accordance with the content of the product. According to 
the statistics made from the results obtained, in the case of the baloney samples 3 samples 
(7%) were identified to be with pork meat also, the DNA confirmation being possible. Also in 
the case of the sausage samples examined in 4 samples (13%) the identification of pork DNA 
was possible (Fig. 2). No adulterated samples were found in the case of ham samples (Fig.3). 
From what the results state the highest rate of forgery registered on the market analysed 
is represented by sausages which are also the most consumed meat products. It is a very well 
known fact that PCR method is very accurate and sensitive but it cannot state also the percent 
in which the admixture was made. Unfortunetly, also there is a possibility that the 
contamination was produced during the processing stages if the operators did not efficiently 
clean the equipments or the knives used if working before with pork meat.  
L         L1       L2     L3      L4         L5       L6       L7      L8      L9        L 
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Fig.3 The incidence of the positive samples (pork DNA identification) in the samples 
 
 The low number of samples examined in this study does not give an accurate percent 
of the products forged currently on the regional market examined but it can draw a warning 
signal for further investigations. The absence of positive samples in the case of beef ham 
products does not certainly say that these are products which are not subjected to forgeries but 
it can say that they are adulterated in a lesser extent.  
 
CONCLUSIONS 
 
Some beef meat products produced in the regional market studied are subjected to 
misslabellings and forgeries with admixture with pork meat.  
Further investigations are needed in order to thoroughly evaluate the extent of these 
frauds and also a risk assessment is needed in the area examined to evaluate the possible 
threats on the consumers. The method described in this research should be implemented in 
food control laboratories in order to accuretly and rapidly identifiy these frauds.   
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